INTRODUCTION
============

Spinal dysraphism refers to various forms of congenital malformation caused by neural tube defects during different stages of embryogenesis, specifically neurulation. Pathophysiologically, dysraphisms are derived from three different stages of embryogenesis : primary neurulation, secondary neurulation, and gastrulation. The various disease spectrums are characterized by individual anomalies of defects such as meningocele, myelomeningocele, lipomeningocele, lipomyelomeningocele, spinal lipoma, and so forth. From the surgical perspective, however, these disease spectrums can be classified morphologically as open or 225closed neural tube defects, including the transitional type. Open and closed dysraphisms are distinguished by the presence or absence of visible overlying full-thickness skin coverage[@B11],[@B12].

The prevalence of spinal dysraphism has been on the decline worldwide during the past two decades, as a consequence of better maternal nutrition, timely folate replacement, and better prenatal care with high-resolution ultrasound giving women the option of terminating a pregnancy when such a defect is diagnosed in the fetus. In addition, a liberal assay of maternal serum alpha-fetoprotein is also an important contributing factor for prenatal diagnosis[@B2].

Management of spinal dysraphism aims to provide immediate closure of the neural tube followed by closure of the dura and the skin without any undesirable tension. The most important surgical procedures are; 1) identifying the neural placode as well as the intermediate epithelial layer, which is bounded by the skin, pia, arachnoid, and dura, 2) carefully preserving neural tissue, 3) subsequently reconstituting the normal neural environment, and 4) finally closing the complete skin to prevent cerebrospinal fluid (CSF) leaks[@B3]. Regarding the timing of surgical intervention, early primary closure is often closely related to an excellent outcome although the risk of neurological sequelae varies depending on the severity of the anomalies. Large skin defects require additional intervention and present complications including wound dehiscence, wound infection, and CSF leaks. The morbidities of wound healing and CSF leaks during surgical management remain challenges to the current management of spinal dysraphism.

The objective of this study was to evaluate the relationship between skin lesion size and the risk of CSF morbidity, including wound dehiscence in surgical treatment. Related articles are reviewed to identify the optimal surgical strategy in managing-wound- and CSF-related morbidity.

MATERIALS AND METHODS
=====================

A retrospective study was conducted among 10 patients with spinal dysraphism who underwent reconstructive surgery at our neurosurgical service and affiliated hospital for humanitarian aid in Afghanistan during 2010 and 2011. All patients were subjected to a thorough history-taking and complete neurological assessment. The clinical data was collected and analyzed to investigate factors related to wound dehiscence, CSF leaks, and their management.

Demographic characteristics
---------------------------

The patients were divided into two groups; 6 had open dysraphism, and 4 had closed dysraphism. The age of the patients ranged from 8 days to 48 years, with a median age of 4.8 months. The patients included 8 males and 2 females. Of the 10 patients, 5 had a lumbosacral lesion, 4 had an upper or lower lumbar lesion, and 1 had a thoracic lesion.

The patients presented with a wide variety of signs and symptoms in combination with cutaneous, orthopedic, spinal, anorectal, and urological abnormalities. In our study, 2 patients had gait disturbance and leg weakness, 2 patients had leg pain and dysesthesia, 2 patients had clubfoot deformity, and 6 patients had bowel and urinary incontinence, the most common clinical presentation or symptom. All patients underwent one or more imaginge studies, including sonography, CT, or MRI. One of the 10 patients had hydrocephalus, and another patient had type II Arnold-Chiari malformation at the time of surgery. The clinical characteristics of the enrolled patients are summarized in [Table 1](#T1){ref-type="table"}.

Measurement of the anomalous defect
-----------------------------------

To measure the skin lesion area, the patients were classified into two groups according to the shape of the mass (e.g., round or elliptical). Then each skin lesion was measured using one of the following equations according to its shape. For a round lesion, we used π×r^2^ (where r is the radius) and π× \[(R+r)/2\]^2^ (where R is the long radius and r is the short radius) ([Fig. 1](#F1){ref-type="fig"}) for an elliptical lesion[@B4],[@B16].

Total body surface area (TBSA) was measured using the following equation to calculate the percentage of the skin lesion area related to the back surface of each patient : TBSA (m^2^)={\[body weight (kg)×4\]+7}/\[body weight (kg)+90\]. The back surface was calculated according to the \"rule of nines\", which says that the back constitutes 18% of the total body surface area[@B4]. The percentage of the skin lesion area relative to the back surface area was also measured in individual patients to elucidate the relationship between wound complication and the size of the defect area.

Dural defects were also categorized as small or broad defects, which were defined as the dural prolapse through stalk-like lesions and broad-based dural prolapse lesions, respectively.

The statistical test was measured using GraphPad Prism (Version 5.01, GraphPad Software Inc., La Jolla, CA, USA).

Surgical reconstruction of the anomalies
----------------------------------------

Surgical reconstruction was performed on all enrolled patients to preserve the neural component and prevent subsequent infection. The surgical procedure involved closing the skin and dural defects and releasing the filum terminale to eliminate the tethered cord. The skin closure method was determined according to the percentage of the skin lesion over the back surface area.

For example, [Fig. 2](#F2){ref-type="fig"} shows the surgical procedure for case 6, a patient who had a round mass lesion at the lumbosacral junction with a diagnosis of myelomeningocele. The center of the myelomeningocele was a transparent yellowish membrane, which implies the neural placode. An incision was made between the lateral margin of the placode and the intermediate epithelial layer to optimally dissect the neural structure. The margin of the neural placode, central canal, and primitive neural groove was identified. After the placode was dissected from the epithelial layer, dissection of the dura started from the lateral margin and moved toward the rostral and the caudal poles. Once the surrounding structures were entirely separated, the placode was closed into a tube using 5-0 Prolen. Then the dural was closed in a watertight manner using either the original redundant dura directly or using dural substitutes such as lyophilized dura, fascia lata, or lumbosacral muscle fascia. Myofascial coverage over bony defects (dysraphic vertebrae) is also a useful procedure for preventing CSF leaks following reconstruction, primarily in the case of large anomalous defects. Finally, various surgical skin-closure techniques were used to minimize tension on the skin to facilitate successful wound healing. These methods included V-Y plasty, Z-plasty, and S-plasty. In most of the surgeries, wound reconstruction was successfully performed using S-plasty and Z-plasty.

RESULTS
=======

After surgery, 4 patients who had gait disturbance and leg weakness as well as leg pain and dysesthesia improved. All 4 patients with bowel incontinence also returned to normal. Bladder incontinence remained in a total of 6 patients, but neurogenic bladder symptoms improved slightly in 2 of the patients, and the other 4 were stable condition after the surgery. The clinical outcomes for the enrolled patients are summarized in [Table 2](#T2){ref-type="table"}.

Measurement of anomalous defects
--------------------------------

Regarding the shape of the skin lesion ([Table 3](#T3){ref-type="table"}), 5 patients were classified as having an elliptical lesion, and 4 patients had a round lesion. Only 1 patient showed a small skin dimple (Case 3 in [Table 4](#T4){ref-type="table"}) . The radius of the elliptical lesion ranged from 1.0×1.5 cm for the smallest lesion area to 3.5×4.5 cm for the largest lesion area. The surface area of the elliptical lesion was calculated in the range of 4.9 to 50.2 cm^2^. The average skin lesion area was 30.6 cm^2^ with a median lesion area of 28.2 cm^2^. The percentage of skin lesion over the back surface area ranged from 0.6% to 10.3% with an average of 4.6% (median percentage of 4.4%) in the elliptical lesion group. The radius of the round lesion ranged from 3 to 6 cm. The surface area was calculated, and the range was 28.2 to 113.0 cm^2^. The average area of the round skin lesion was 67.5 cm^2^, and the median area was 64.3 cm^2^. The percentage of the skin lesion ranged from 4.1% to 18.1% with an average of 8.7% (with thea median defect percentage 6.3%) in the round-skin lesion group. The average skin lesion area in both groups was 47.0 cm^2^ with a median defect area of 44.1 cm^2^. The average skin lesion percentage over the surface of the back was 6.4% with a median percentage of 4.7% in both groups (n=9). In terms of the pattern of dural defects, 2 patients had a small dural defect, and 6 had a broad-based dural defect.

Surgical results and CSF diversions
-----------------------------------

The skin was closed using S-plasty in 5 patients and Z-plasty and V-Y plasty in 1 patient each. For the remaining 3 patients, a direct single closure was performed ([Table 4](#T4){ref-type="table"}). The patient with hydrocephalus initially underwent an external ventriculostomy eventually followed by a VP shunt.

Subsequent surgical intervention was required by 4 patients to repair a pseudomeningocele, CSF leak, or wound dehiscence. Wound morbidity was successfully controlled with second-look duraplasty in 2 patients and direct secondary closure in 1 patient. A 3-month-old patient with a myelomeningocele and a large skin lesion and dural defect, which covered 6.6% of the surface of the back in the lumbosacral region, subsequently required an extensive rotatory flap operation to treat recurrent wound dehiscence and CSF leaks.

Relationships between degree of skin defect and CSF morbidity
-------------------------------------------------------------

Based on the results of the skin lesion measurement and surgical outcomes, the patients were divided into two groups : a non-CSF morbidity group of 6 patients and a CSF morbidity group of 4 patients. When the average area of the skin lesion is compared between the CSF morbidity group and the non-CSF morbidity group, there is statistically a significant difference (*p*=0.045, one-tailed unpaired Student t-test). The average skin lesion area was significantly larger in the CSF morbidity group than in the non-CSF morbidity group since the mean skin lesion area was 64.4±32.5 cm^2^ versus 27.7±27.8 cm^2^, respectively ([Table 5](#T5){ref-type="table"}). Although CSF morbidity mostly tended to occur in patients with large skin lesions, there was no statistically significant difference between the two groups when the percentage of skin lesion over the back surface area and CSF morbidity was compared (*p*=0.26). Among those in the CSF morbidity group, the patient in case 7 had several years\' history of previous postoperative scarring before this definitive reconstructive surgery.

The case 4 patient also had a 78.5 cm^2^ skin lesion, relatively large compared to the average in the non-CSF group. A V-Y skin plasty effectively succeeded in complete reconstruction in spite of a concomitant broad dural defect.

DISCUSSION
==========

Spinal dysraphism include a wide spectrum of dysraphic abnormalities caused by neural tube defects during the different stages of embryogenesis. Embryogenetically, spinal dysraphic malformations can be classified as primary or secondary neurulation or gastrulation lesions.

The spectrum of this disease varies according to the degree of dysraphic defects occurring during the embryogenetic stages of anomaly development. Often, spinal dysraphism stratifies into two types according to the presence of full thickness of skin coverage over the dysraphic prolapse of the dura or neural elements. One is the open form of spinal dysraphism, which is characterized by exposing the neural placode to the environment through a congenital bony defect. Myelomeningocele, myelocele, hemimyelomeningocele, hemimyelocele, and other abnormalities are included in this form. The other is the closed form of spinal dysraphism. In a closed dysraphism, the neural placode is entirely covered by skin. The spectrum of the closed form includes lipomyelomeningocele, intradural lipoma, dermal sinus, diastematomyelia, and so forth[@B6],[@B7],[@B11],[@B12].

Worldwide, the incidence of neural tube defects varies from 0.17 to 6.39 per 1000 live births. Myelomeningocele is the most common type of neural tube defect. The prevalence of myelomeningocele has decreased remarkably because of several factors : the improvement in nutrient and folic acid supplements and the development of prenatal diagnosis with consequent termination of affected fetuses[@B2].

The principle of surgical treatment is to restore a wide range of structural defects to prevent the development of tethered cord syndrome or related morbidities that result in infection or other neurological and orthopedic sequelae[@B3]. Identifying the optimal timing of surgical reconstruction is an important issues for obtaining better therapeutic outcomes. A randomized control trial[@B1] was conducted to compare prenatal with postnatal surgery in treating myelomeningocele. Although prenatal surgery had better neurological outcomes than postnatal surgery at 30 months, the study had to be terminated because early intervention was strongly associated with increasing the risk of maternal and fetal morbidity. Consequently, the optimal timing of surgical intervention is now as early as possible in the postnatal period or generally between 3 and 6 months.

Pang et al.[@B9],[@B10] reported on the long-term outcomes of surgical reconstruction of spinal cord lipoma. The surgical results and overall outcomes were significantly affected by residual lesions detected with MRI and morbidities including CSF leaks and wound infection and dehiscence in particular. Immediate and delayed complications of the surgery are closely related to wound dehiscence. Pseudomeningocele and CSF fistula are common surgical complications during the period the wound is healing. CSF morbidity is the major challenge. Great effort has been devoted to reducing wound complications and CSF morbidity.

Skin wound and CSF leak repair techniques are a matter of tension following the early phase of surgery. Regarding the optimal wound closure method, various skin reconstruction methods have been introduced, such as S-plasty, basic Z-plasty, and V-Y plasty. S-plasty[@B5],[@B14], or \"lazy S\", is a variation of the fusiform excision that effectively increases the total length of the scar while keeping the linear distance between the two apices constant. This technique redirects the tension vectors to eliminate standing cones and improves the cosmetic outcome by orienting the ends of the wound away from the areas of maximal convexity. Additionally, S-plasty functions to reduce suture-line traction and thus facilitates wound healing, decreasing the likelihood of central scar depression. Basic Z-plasty[@B13] involves creating two triangular flaps of equal dimension that are then transposed. The flap area is created using an angle of 60 degrees. In practice, the lengthening and reorientation are less, owing to increased wound tension. Z-plasty is reserved for improving thin linear scars and is not used as a primary closure technique. Turhan Haktanir et al.[@B17] covered a skin defect with dural repair using bilateral fasciocutaneous flaps in 5 patients with large myelomeningoceles.

Multiple factors are associated with surgical outcomes and a high rate of symptomatic recurrence of myelomeningocele. Effort was made to identify factors that affect surgical outcomes. The risk of a CSF leak increases in patients who have hydrocephalus or Arnold-Chiari malformation and spinal dysraphism as the size of the defect increases[@B15]. Generally, early adequate intervention with CSF diversion procedures effectively provides CSF pressure through the reconstruction wound. Managing intrathecal CSF pressure includes external ventriculostomy, ventriculoperitoneal shunt, temporary lumbar drainage, and foramen magnum decompression for the Arnold-Chiari malformation, including the recent use of dural grafts, which are of either synthetic collagen material or allograft dura. Narotam et al.[@B8] reported that collagen matrix reduced CSF leaks in 95% of patients requiring dural repair following spinal surgery.

Detailed objective data showing the relationship between the degree of the dysraphic defect and the risk of wound complications, specifically CSF- and wound-related morbidity, is lacking. Ghozlan and Eisa[@B4] analyzed the size of skin defects and calculated the percentage of the defect over the thoracolumbar region using the TBSA and the \"rule of nines\". The equation for calculating the defect area for elliptical defects differed from the authors\' calculation method. They presented a technique for closing broad-based myelomeningocele defects using bilateral inter-connected latissimus dorsi myocutaneous and gluteal region fasciocutaneous flaps without lateral relaxing flank incisions in the thoracolumbar and lumbosacral lesion. They did not encounter any major wound complication or CSF leaks. There are methods that use dural substitutes to reduce CSF leaks.

In our study, we intended to elucidate the relationships between the extent of an anomalous skin lesion and CSF morbidity. The risk parameters of CSF morbidity were analyzed by measuring and calculating skin lesion and dura defects by comparing the surgical methods and the measurement results. Although the number of patients in our study was limited, CSF morbidity was closely associated with a large skin-lesion area of more than 44.2 cm^2^ in the CSF morbidity group with broad-based dura defects ([Fig. 3](#F3){ref-type="fig"}). The other risk factor for CSF leaks is residual or incomplete initial surgical reconstruction, which was demonstrated by case 7. Previous postoperative scarring may interfere with adequate wound healing, which results in increasing risk of wound morbidity.

Although the percentage of the skin lesion area over the back surface area did not show a statistically significant result in our study, about 5% of the skin lesion area relative to the back surface may tend to increase the risk of CSF leaks when simple applicable skin plasty was used for wound reconstruction. There were some limitations in our study. The small number of cases was due to the difficulty recruiting an adequate number of dysraphic anomalous patients in recent years. For a patient with a large skin lesion area greater than 78.5 cm^2^ (as in case 4) with an accompanying broad dura defect, V-Y skin plasty or more extensive rotatory skin flaps leads to success in effective and complete reconstruction of the dysraphic lesion. In addition, second-look duraplasty may localize and minimize the extent of the CSF leak site from the dura reconstruction over time, while allograft or synthetic dura effectively manages the pressure gradient between the spinal dura sac and the pseudomeningocele space, which may allow a certain degree of wound healing to proceed from the initial operation, resulting in satisfactory localization of CSF leaks over time.

CONCLUSION
==========

A large skin lesion with the prolapse of the neural element into a broad-based dura defect was more likely to increase CSF and wound morbidity. Assessing skin lesions and dural defects by measuring the skin lesion area and the percentage of the skin lesion area over the back surface and related surgical parameters offers useful predictors for anticipating the risk of wound problems and can consequently lead to selecting the optimal procedures for successful reconstruction in treating spinal dysraphism.

![Measurement of elliptical skin lesion area (R is the long radius, and r is the short radius).](jkns-54-225-g001){#F1}

![Case 6. A : Gross finding of myelomeningocele (the asterisk with the closed black arrow denotes the neural placode). B : Incise and dissect between the neural placode and intermediate epithelial layer to identify the neural placode, intermediate epithelial layer, skin, and the pia, arachnoid, and dura mater. C : Approximating paraspinal muscle fascia. D : Skin closure with S-plasty.](jkns-54-225-g002){#F2}

![Graph of box and whisker plot in comparison of two groups; CSF morbidity versus non-CSF morbidity. CSF morbidity group shows significantly larger skin lesion area than that of non-CSF morbidity group (The average skin lesion area of 64.4±32.5 cm^2^ versus 27.7±27.8 cm^2^, respectively, *p*=0.045, one tailed unpaired Student t-test). CSF : cerebrospinal fluid.](jkns-54-225-g003){#F3}
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Patients\' clinical characteristics
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Summary of clinical outcomes after surgical reconstruction
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NB : neurogenic bladder
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Measurement of the skin lesion area and percentage skin lesion area relative to back surface
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An unmeasurable skin lesion of case 3 which was shown in [Table 4](#T4){ref-type="table"} was excluded in this measurement. TBSA : total body surface area
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Summary of total body surface, skin lesion and dural defect, and surgical management
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CSF : cerebrospinal fluid
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Relationships between degree of skin lesion area and CSF morbidity
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CSF : cerebrospinal fluid, STDV : standard deviation. one-tailed unpaired Student t-test
